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ABSTRACT:

Introduction: Antimicrobial resistance (AMR) is both a rapidly growing and a major global

threat to public health․ AMR reduces the efficacy of existing antibiotics‚ increasing both

the morbidity and mortality of infections as well as the cost of healthcare․ Plants produce

diverse bioactive secondary metabolites‚ some of which are obtained from the bark of

plants and are thus an alternative source for the development of new antimicrobial drugs․

Methods: A systematic narrative review was conducted of studies retrieved from

electronic databases such as PubMed‚ PubMed Central‚ Scopus‚ and Web of Science‚ using

Boolean search strings to identify antimicrobial activity of bark plant extracts published

between 2015 and 2025․ Results: We screened 40 studies based on PRISMA protocol and

included them for qualitative analysis․ Plant barks contain phytochemicals of different

classes with the most abundant class being phenolic compounds‚ followed by terpenoids‚

alkaloids‚ and saponins․ These compounds are broad-spectrum antimicrobial agents that

work by various mechanisms including disruption of the membrane‚ inhibition of cell wall

biosynthesis‚ inhibition of protein synthesis‚ inhibition of nucleic acid synthesis‚ enzyme

inactivation and efflux pump inhibition․ The compounds were found to be active against

MDR Staphylococcus aureus‚ Escherichia coli‚ Klebsiella pneumoniae and Candida albicans

with MIC values ranging from very strong to medium levels of inhibition․ Others have

shown in vivo wound healing ability and systemic antimicrobial activity․ Some methods of

extraction have included microwave-assisted extraction and supercritical fluid extraction

to maximize yield․ Conclusion: The results of this review suggest that plant bark extracts

are promising sources of multi-targeting antimicrobial candidates against resistant

pathogens and further mechanistic‚ standardization‚ and clinical studies are warranted

toward their translation into the clinic․

KEYWORDS: Antimicrobial activity‚ Antimicrobial resistance‚ Natural products‚

Phytochemicals‚ Plant barks.
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1. INTRODUCTION

The global burden of antimicrobial resistance (AMR) on public

health‚ economic and food security is growing․ [1] Conventional

antibiotics continue to be ineffective against multidrug-resistant

(MDR) bacteria and fungi‚ leading to increased morbidity and

mortality as well as costs incurred by treating patients with

resistant pathogens․ [2][3] This calls for an immediate and on-

going search of new antimicrobial agents from different

sources․ Natural products‚ especially from customary medicinal

plants‚ always provide new opportunities as an established

source of drug discovery that can be developed into novel

therapeutic strategies․ [4]

In this respect‚ barks (i․e․ the outermost layers of protection

from trees and woody plants) are particularly exciting‚ as they

are most exposed to microorganisms‚ insects and

environmental stresses‚ having amassed over the years and

through evolution a tremendous diversity of secondary

metabolites‚ with a variety of biological functions including

strong antibacterial activity․ [5][6]

This review seeks to provide a consolidated overview of the

spectrum of claimed antimicrobial activity of different plant

extracts of bark‚ the profile of active phytochemicals in each of

the extracts‚ the mechanisms of action‚ plant species with most

prominent antimicrobial activity‚ methodologies to evaluate

antimicrobial activity‚ limitations for immediate clinical

application‚ and future perspectives of translating plant bark

extract-derived molecules into therapeutics to combat the

growing global burden of infectious diseases and antibiotic

resistance․

2․ METHODOLOGY

An electronic literature search was conducted on the PubMed‚

PubMed Central and Scopus databases for the last 10 years

using Boolean operators AND‚ OR‚ NOT‚ with limiters of English

language‚ year of publication‚ and peer-reviewed journals․ Only

recent and quality articles were selected and considered after

review and citation․ Table 1 shows the search strategy applied

in this narrative review․ The final literature search was

completed on 15 June 2026 in PubMed‚ PubMed Central‚

Scopus‚ and Web of Science databases․
Table 1: Search strategy

Database Search Terms Used Filters Applied Results Retrieved Notes

PubMed

(via

MEDLINE)

("Plant bark" OR "Stem bark") AND

("Phytochemicals" OR "Phenolic compounds" OR

"Alkaloids") AND ("Antibacterial" OR "Antifungal")

Language: English; Publication years:

2015–2025; Peer-reviewed

120 Title/Abstract/

Keywords

PubMed

Central

(PMC)

("Bark extracts" AND "Bioactive compounds") AND

("Antimicrobial activity" OR "Anti-biofilm")

Language: English; Publication years:

2015–2025; Free full-text articles

95 Title/Abstract/

Keywords

Scopus ("Medicinal plants" OR "Bark-derived

phytochemicals") AND ("Antimicrobial

mechanisms" OR "Pathogen inhibition")

Language: English; Publication years:

2015–2025; Peer-reviewed

135 Title/Abstract

Web of

Science
"Microbial resistance" OR "Drug resistance"

Language: English; Publication years:

2015–2025; Peer-reviewed

45 Title/Abstract/

Keywords

Study selection and screening process: The literature search

retrieved a total of 375 records from electronic databases,

including PubMed via MEDLINE (n = 120), PubMed Central

(PMC) (n = 95), Scopus (n = 135), and Web of Science (n = 45).

After removal of duplicates and records excluded for other

reasons (n = 50), 345 records remained for title and abstract
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screening. Following the initial screening, 135 records were

excluded, leaving 210 reports assessed for retrieval. Of these,

30 reports could not be retrieved. A total of 180 full-text

articles were assessed for eligibility, and 125 studies were

excluded due to not meeting inclusion criteria, lack of

phytochemical analysis, lack of focus on bark, absence of

antimicrobial relevance, or insufficient

experimental/mechanistic detail. Ultimately, 55 studies were

included in the final qualitative synthesis. The study selection

process is presented in accordance with PRISMA-style

guidelines and is depicted in Figure 1.

Inclusion criteria: Studies in English between 2015 and 2025 in

peer-reviewed journals were searched and primary articles‚

review and/or meta-analysis articles were selected for

inclusion․ Only plant bark and plant stem bark extracts with

phytochemical characterization of phenolic compounds‚ tannins

or alkaloids were analyzed and extracted for this review study․

Articles were also included if they discussed the antibacterial‚

antifungal‚ or anti-biofilm activity‚ or the mechanisms of action

or therapeutic potential of phytochemicals derived from the

bark․

Exclusion criteria: Non-English studies‚ non-peer-reviewed

studies‚ conference abstracts‚ editorials and letters were not

included․ Studies were excluded if they did not conduct any

phytochemical analysis‚ were not microbiologically related to

antimicrobial activity‚ or did not investigate bark (i․e․ focused

on other plant components e․g․ leaves‚ roots etc․‚ rather than

the bark)․ We limited literature to 2015-2025 to consider

current knowledge and advances in the field related to

phytochemical and antimicrobial studies‚ potentially including

studies with higher methodological quality and excluding

outdated information. To validate the included literature‚

studies were also excluded for being duplicate or lacking

sufficient experimental or mechanistic details of their findings․

Figure 1: PRISMA flow diagram

Phytochemical diversity of plant barks‚ their antimicrobial

components and their extraction processes․

Phytochemistry of plant barks: The tree's bark is an important

chemical reservoir‚ comprising 9% to 15% of the tree's overall

volume․ [7] Bark‚ which acts as the first line of defense in

woody vascular plants‚ contains a large amount of secondary

metabolites‚ such as polyphenols‚ tannins‚ triterpenes‚ and

suberinic acids․ [8] The phytochemicals found in most

abundance are phenolic derivatives (50․8%)‚ terpenoids

(26․6%)‚ and alkaloids (5․7%). [9] Recent research shows that

woody barks are a much richer source of polyphenols than

other parts of the plant and have powerful antioxidant‚

antimutagenic and antibacterial properties․ [10]

Some bark chemicals act specifically‚ such as trans-

cinnamaldehyde from Cinnamomum zeylanicum‚ which causes

permeabilization of membranes and inhibition of ATPases in

some sensitive bacteria․ Willow (Salix) bark contains catechol

and salicin derivatives that cause membranous instability and

electrolyte leakage among resistant bacteria․ [12] Syzygium
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cumini bark contains tannins that have high bactericidal activity

because of their ability to destabilize bacterial membranes․ [13]

These effects are attributable to diterpenoids and quercetin in

Azadirachta indica․ [14] Albizia lebbeck and other species have

been reported to have saponins which compromise the

integrity of cell walls․ [15] The chemodiversity of plant barks

highlights their potential in developing biocompatible

therapeutics against MDR․ [16]

Extraction technology: Plant bark has a complex structure

comprised of lignocellulosic material and requires advanced

technologies for higher yields of extractable bioactive

compounds․ Conventional solvents used in extraction have

been replaced with newer "green" technologies which can have

higher selectivity and lower environmental impact․ [17, 8]

Simultaneous microwave-ultrasound assisted extraction is a

recent development that shows a synergetic effect and a

meaningful increase in the extraction of natural antioxidants․ [7]

Supercritical fluid extraction and subcritical water extraction

are also very efficient methods to yield thermolabile

compounds‚ free from toxic solvent residues․ [18] Organosolv

and subcritical water technologies are in the heart of modern

biorefinery models‚ which allow the sequential valorization of

extracts and solid residues into bio-based products fit for use

much more efficiently than conventional technologies․ [8]

Further optimization of the extraction processes through the

use of polar solvents‚ high temperatures close to the boiling

point‚ and short extraction times is necessary to achieve the

maximum total phenolic content and extraction efficiency and

thus enable the incorporation of bark extraction in circular

bioeconomy processes․ [19, 8]

Table 2. Phytochemical classes in plant bark and antimicrobial activity

Class Key compounds Antimicrobial activity (with refs)

Phenolics Flavonoids, tannins, phenolic

acids, lignans, stilbenes

Broad antibacterial and antifungal activity; inhibit enzymes, nucleic acid synthesis, efflux pumps

and biofilms (Candida spp.) [20,21]

Terpenoids Mono-, sesqui-, di-, triterpenes Antibacterial and antifungal effects; includes fungicidal triterpenes in bark extracts [22,23]

Alkaloids Nitrogen-containing compounds Inhibit peptidoglycan synthesis and fungal cell wall integrity; broad antimicrobial action [24]

Saponins Glycosidic surfactants Disrupt fungal membranes via sterol interaction; inhibit biofilm and yeast–hyphal transition [25]

Synergistic

action

Mixed phytochemicals Combined multi-target effects enhance overall antimicrobial potency [22]

3․ Mechanisms of antimicrobial action exhibited by plant bark

extracts

Plant phytoconstituents and extracts induce antimicrobial activities by

a few commonly independent and/or colligated mechanisms in the

microorganisms tested․ In most cases‚ the plant phytoconstituents

target more than one cellular pathway in the microorganisms (Figure

2)․ A multi-target approach may also provide a useful strategy for

overcoming resistance to single-target synthetic agents․ [1,4] The main

mechanisms for this include:

Disruption of cell membranes: Phytochemicals such as phenolic

compounds and certain terpenoids can act on microbial plasma cell

membranes‚ thus changing their permeability․ The permeability

change causes the leakage of some intracellular constituents (i․e․‚ ions‚

ATP‚ nucleic acids‚ etc․) and metabolic dysfunction‚ which leads to

their death․ [26] Key properties affecting the activity of the

membranes include their lipophilicity that allows their intercalation

into the lipid bilayer․

Inhibition of cell wall synthesis: selected compounds of bark can

inhibit the synthesis and assembly of integral constituents of the

bacterial (peptidoglycan) or fungal (chitin‚ glucans) wall; without its

support or integrity‚ bacteria or fungi are prone to osmotic lysis and

other adverse conditions․ [26] In fungi‚ alkaloids may inhibit

peptidoglycan․ [25]

Inhibition of protein and/or nucleic acid synthesis: Many

phytochemicals inhibit cellular processes such as protein synthesis (by
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disrupting ribosomes or translation factors) or the synthesis of nucleic

acids․ [5] For example‚ tannins inhibit the synthesis of nucleic acids․

Enzyme inactivation: Secondary plant metabolites can bind to and

inactivate microbial enzymes directly or indirectly․ They must be

involved in one or more metabolic pathways‚ virulence factors or cell

maintenance for the blocking of biochemical pathways necessary for

microbial reproduction and growth․ [27]

Efflux pump inhibitors (EPI): Microorganisms can evade the effects of

antibiotics via efflux pumps that extrude them from the cell․ Some

compounds found in plant bark can inhibit these pumps and restore‚

or increase‚ the activity of customary antibiotics‚ or their own

antimicrobial activity․ [1] For example‚ flavonoids have been shown to

inhibit fungal efflux pumps․ [25]

Experimental mechanisms of action determined for bark extracts by in

vitro studies include disruption of cell membranes‚ inhibition of cell

wall synthesis‚ inhibition of protein and nucleic acid synthesis‚ enzyme

inactivation and disruption of biofilm formation‚ and inhibition of

efflux pumps․ Theoretical mechanisms of action inferred by

computational modeling‚ molecular docking studies‚ or by analogy to

other studies include disruption of quorum sensing‚ multi-target

synergism and modulation of virulence- and resistance-associated

genes․ These hypotheses warrant further study‚ including validation

through microbiology studies and translational studies to establish

their biological importance‚ effect in vivo‚ and possible utility against

antimicrobial-resistant pathogens․

Molecular mechanism: At the molecular level‚ plant bark extracts

impact the growth of microbes through wide-ranging transcriptional

reprogramming․ RNA-sequencing-based transcriptomics resulted in

differential regulation of genes‚ including down-regulation of

peptidoglycan biosynthesis‚ and inhibition of DNA replication that

interfere with cell wall biosynthesis and cell division in bacteria․ [28]

These extracts also induce DNA replication stress‚ genomic DNA

destruction‚ and the downstream inhibition of enzyme and receptor

synthesis․ [29] The extracts also up-regulate RNA decay and oxidative

phosphorylation‚ two typical markers of metabolic depletion․ [28]

Phytochemicals can also regulate gene expression‚ inhibit efflux pump

pathway ATPases and interfere with the cellular signaling pathway on a

molecular level․ [16]

Figure 2: Mechanism of plant bark against microbes

4․ Selected plant species and their antimicrobial bark activity

Antimicrobial studies on various plant extracts prepared from

bark‚ with in vitro and in vivo models‚ including the methanol‚

ethanol‚ aqueous‚ hydroethanolic‚ dichloromethane and 80%

methanol extracts of the bark‚ have been documented․ Most of

the studies included here have been carried out under in vitro

conditions and were the primary mode of screening for

antimicrobial activity․ For example‚ 80% methanolic bark
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extracts of Clerodendrum englerianum‚ Euphorbia depauperata‚

Lippia adoensis‚ Dombeya penninervium‚ and Rumex

abyssinicus‚ as well as aqueous extracts of Bridelia ferruginea‚

and hydroethanolic extracts of the plants Sorindeia

madagascariensis and Albizia harveyi were used in in vitro

screening‚ which demonstrated that extracts obtained with

different solvent systems can be useful for obtaining bioactive

antimicrobial agents․ In this context‚ methanolic extracts

obtained from the bark of Phellodendron spp. and Mangifera

indica were screened in vitro‚ showing the importance of using

polar organic solvents for isolating the antimicrobial

phytochemicals of interest․ [33, 34]

A few in vivo studies on animals or wounds‚ also give these

plants a more translational origin as antimicrobial agents‚ and

include Anogeissus leiocarpa‚ Bridelia ferruginea‚ Prunus

africana‚ Cinnamomum zeylanicum‚ Alstonia scholaris‚ Saraca

asoca‚ Ficus racemosa‚ Symplocos racemosa and Azadirachta

indica‚ most of which are trees‚ and a few others shrubs․ [35]

In vitro antimicrobial activity against bacterial and fungal

pathogens: In vitro‚ bark extracts were demonstrated to have

strong antimicrobial activity against a number of bacterial and

fungal pathogens․ Methanolic and aqueous extracts of bark had

strong activity against methicillin-resistant S․ aureus (MRSA S․

aureus)‚ methicillin-susceptible S․ aureus‚ Streptococcus

pyogenes)‚ and Streptococcus mitis․ Escherichia coli (E․ coli)‚

Klebsiella pneumoniae (K․ Phytochemical screening and in vitro

antibacterial activity against pathogenic bacteria were

evaluated․ Clerodendrum englerianum inhibited growth of

MRSA and S․ pyogenes with the smallest concentration of the

extract that inhibited growth (MIC) values in the range of 1․0 to

128․0 μg/mL‚ and similar values were noted for Euphorbia

depauperata against E․ coli and K․ pneumoniae․

Two more‚ Lippia adoensis and Dombeya penninervium‚ had

antifungal and antibacterial activity like that of R․ abyssinicus

against C․ albicans‚ Trichophyton rubrum (T․ rubrum)‚ and

Klebsiella pneumoniae (K․ pneumoniae) with MICs (minimal

inhibitory concentrations) of up to 512․0 μg/mL․ R․ abyssinicus

was also shown to have an effect on MRSA and C․ albicans․ [30]

Aqueous extracts of the bark of Bridelia ferruginea showed

activity against B․ cereus and S․ aureus at an MIC of 25․0

mg/mL․ Hydroethanolic extracts of Sorindeia madagascariensis

and Albizia harveyi inhibited S․ aureus‚ P․ aeruginosa‚

Salmonella Typhi (S․ typhi) and C․ albicans․ [31, 32] Methanol

extraction of Phellodendron species showed moderate

inhibition of S․ aureus and E․ coli‚ measuring 256․0 μg/mL‚ [33]

while Commiphora spp. showed inhibition of Mycobacterium

with MIC ranging from 0․39 to 9․35 mg/mL depending on the

solvent system used for extraction․ [36]

Terminalia arjuna and Cinnamomum zeylanicum ethanol extract

possess zone of inhibition against S․ aureus‚ S․ epidermidis‚ K․

pneumoniae respectively which indicates promising

antibacterial activity. [37, 38] The methanol bark extract of

Mangifera indica also showed good activity with an MIC value

ranging from 3․125 - 6․25 μg/mL against the tested strains of

Gram-positive and Gram-negative bacteria․ [34]

Antimicrobial and therapeutic efficacy in vivo: In vivo tests

have shown activity of extracted barks on various animals and

on wound healing․ Anogeissus leiocarpa bark has shown in vivo

antibacterial activity against E․ coli with an oral dose of 69․44

mg/kg․ [35] Antimicrobial properties of Bridelia ferruginea

aqueous extract were also dose-dependent in the animal study

(S․ aureus and E․ coli at 50-100 mg/kg)․ [39]

In wound healing models‚ antimicrobial and wound healing

effects were exhibited by Prunus africana which showed 100%

of the wounds being healed in 18 days on infected models and

reflected the pronounced synergism of such effects․ [40] In

Proteus mirabilis infections‚ the Cinnamomum zeylanicum

aqueous extract exhibited antimicrobial activity with organ

protective effects․ [41] Alstonia scholaris also improved the

survival rate of animals infected with Streptococcus․ [42]

Other plants with important contraction and antimicrobial-

associated wound healing (in infected wound model)‚ Saraca
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asoca‚ Ficus racemosa‚ Symplocos racemosa and Azadirachta

indica‚ corroborate customary claims of using these plants for

skin infections․ Cinnamomum zeylanicum was a part of several

aqueous formulations that promoted important wound healing‚

suggesting it has high sustained in vivo antimicrobial activity․

[43]

Table 3: Antimicrobial activities of various bark extracts

S.No Plant species Extract type Study type Target microorganisms Antimicrobial activity Reference

1 Clerodendrum englerianum 80%Methanol In vitro MRSA, S. pyogenes MIC: 1.0–128.0 �g/mL [30]

2 Euphorbia depauperata 80%Methanol In vitro E. coli, K. pneumoniae MIC: 4.0–128.0 �g/mL [30]

3 Lippia adoensis 80%Methanol In vitro S. pyogenes, C. albicans MIC: 16.0–512.0 �g/mL [30]

4 Dombeya penninervium 80%Methanol In vitro T. rubrum, K. pneumoniae MIC: 8.0–128.0 �g/mL [30]

5 Rumex abyssinicus 80%Methanol In vitro MRSA, C. albicans MIC: 16.0–128.0 �g/mL [30]

6 Bridelia ferruginea Benth. Aqueous In vitro Bacillus cereus, S. aureus MIC: 25.0 mg/mL [31]

7 Sorindeia madagascariensis Hydroethanolic In vitro S. aureus, P. aeruginosa Significant MIC/MBC [32]

8 Albizia harveyi Hydroethanolic In vitro S. typhi, C. albicans Potent antimicrobial action [32]

9 Phellodendron spp. Methanol In vitro S. aureus, E. coli MIC: 256.0 �g/mL [33]

10 Commiphora mildbraedii Methanol In vitro Mycobacterium spp. MIC: 0.39–9.35 mg/mL [36]

11 Commiphora edulis Dichloromethane In vitro Mycobacterium spp. MIC: 1.56 mg/mL [36]

12 Commiphora ellenbeckii Aqueous In vitro Mycobacterium spp. MIC: 3.125 mg/mL [36]

13 Terminalia arjuna Wight &

Arn.

Ethanol In vitro S. aureus, K. pneumoniae ZOI: 15.0–15.5 mm [37]

14 Cinnamomum zeylanicum

Blume

Ethanol In vitro S. aureus, S. epidermidis ZOI: 18.44–19.22 mm [38]

15 Mangifera indica L. Methanol In vitro S. aureus, E. coli MIC: 3.125–6.25 �g/mL [34]

16 Anogeissus leiocarpa Ethanol In vivo E. coli Oral dose: 69.44 mg/kg [35]

17 Bridelia ferruginea Benth. Aqueous In vivo S. aureus, E. coli Dose: 50.0–100.0 mg/kg [39]

18 Prunus africana (Hook.f.)

Kalkman

80%Methanol In vivo Wound pathogens 100% closure by day 18 [40]

19 Cinnamomum zeylanicum

Blume

Aqueous In vivo Proteus mirabilis Kidney tissue recovery [41]

20 Alstonia scholaris R. Br. Aqueous In vivo Streptococcus species Increased animal survival [42]

21 Saraca asoca (Roxb.)Wilde 10% Aqueous In vivo Wound pathogens Significant wound contraction [43]

22 Ficus racemosa L. 10% Aqueous In vivo Wound pathogens High healing efficacy (Gupta

et al., 2020)

[43]

23 Symplocos racemosa Roxb. 5% Aqueous In vivo Wound pathogens Significant healing action [43]

24 Azadirachta indica A. Juss. 5% Aqueous In vivo Wound pathogens Verified antimicrobial healing [43]

25 Cinnamomum zeylanicum

Blume

5% Aqueous In vivo Wound pathogens Therapeutic wound closure [43]
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5․ Antimicrobial resistance

Membrane perturbation mechanism of plant barks against

MDR/XDR pathogens: There is strong evidence that plant bark

extracts can interfere with AMR through disruption of the

bacterial membrane of MDR/XDR pathogens․ For instance‚ the

bark extract of Acacia nilotica has shown activity against MDR

E․ coli and Salmonella by disrupting the membrane and causing

intracellular leakage of proteins and nucleic acids․ Extracts of

Terminalia arjuna are effective against the MDR S․ aureus

through disruption of the membrane by its phenolic and tannin

constituents [45]‚ whereas Salix alba induces membrane

destabilization and electrolyte leakage from pathogenic S․

aureus bacteria. [12] Syzygium cumini showed strong

antibacterial activity against MDR E․ coli due to tannin-

mediated membrane destabilization․ [13] Supporting this idea‚

targeting membranes may be a promising strategy against AMR

organisms․

Resistance modulation in the MDR/XDR bacteria by inhibiting

metabolism and efflux pumps: Numerous bark extracts have

been identified to exhibit AMR-modulating activity by inhibiting

bacterial energy metabolism and efflux processes‚ confirming

the involvement of energy processes in forming AMR․

Cinnamomum zeylanicum demonstrated activity against

MDR/XDR Mycobacterium tuberculosis by inhibiting

membrane-bound ATPases‚ leading to a loss of energy coupling․

[11] Mangifera indica is known to be a resistance modifier in

MDR S․ aureus‚ reducing the pumping of protons by H⁺-ATPase

and‚ thus‚ increasing susceptibility․ [46] Holarrhena

antidysenterica is another resistance modifier in MDR/XDR

Pseudomonas aeruginosa (P․ aeruginosa) in which conessine‚

an alkaloid‚ restores susceptibility by inhibiting the MexAB-

OprM efflux pump in the organism․ [47]

Attenuation of clinical resistance through growth and

virulence suppression: Plant bark extracts may exhibit an AMR

effect by inhibiting the growth of bacterial cells and virulence

factors․ The extract of Azadirachta indica exhibited this effect

against clinically resistant K․ pneumoniae with diterpenoids and

quercetin inhibiting its growth․ [14] Saraca asoca disrupts the

metabolic pathways of clinical isolates of P․ aeruginosa‚

affecting drug resistance and adaptation․ [48] Albizia lebbeck

inhibits the growth of MRSA by inhibiting nucleic acid synthesis

and disruption of the cell wall using saponins․ [15] Together‚

these activities lead to a loss of bacterial fitness under

antibiotic-selective pressure and AMR detainment․

6․ Standardized tests were employed to assess the

antimicrobial activity of the bark extracts․

Standardized in vitro and‚ more recently‚ in vivo methods have

been developed to properly describe the antimicrobial activity

of plant bark extracts (Figure 3)‚ which have been used to

characterize the potency‚ spectrum of activity and

concentration-value relationships of extracts and isolated

compounds․

Conventional susceptibility testing

Method of diffusion disc: The simplest and qualitative method

of detecting the antimicrobial effect consists of placing discs

impregnated with the test extract on a plate with a culture of

the target microorganism․ The basal zone of inhibition observed

around the disc is a reflection of the antimicrobial activity․ It

identifies activity rapidly from the start․ [12] [49]

Agar well diffusion: This test is essentially the same as the disc

diffusion test‚ except wells are cut into the agar and the extract

is added to the wells․ This is used during the primary screening

and allows larger volumes of extract to be tested․ [49]

Broth microdilution method: This quantitative methodology is

the gold standard for the determination of MIC/MBC/MFC․ The

extract is serially diluted in the broth in culture tubes (or

microtiter plates)‚ inoculated with the microbe to be tested in a

fixed-age suspension‚ and incubated․ MIC and MBC/MFC

endpoints are defined as the lowest concentration that visibly

inhibits and kills at least 99․9% of the starting inoculum‚

respectively․ [12] The use of a growth-inhibiting redox indicator

such as the dye p-iodonitrotetrazolium violet (INT) improves
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visualization of microbe growth․ MIC values of 625 µg/mL or

lower have typically‚ although not always very conservatively‚

been interpreted to correlate with antibacterial activity of

moderate or better. [50]

Time-kill assays determine the extent and speed of killing of

microbes by an antimicrobial agent over a fixed period of time․

These tests can be performed to determine whether the agent

is bacteriostatic (inhibiting growth) or bactericidal (killing the

bacteria)․

Figure 3: Different methods used to assess the microbial activities in the plant bark․ 1․ Disc diffusion 2․ Well diffusion 3․ Broth microdilution and

4․ Time-kill assay

Specialized Assays: Biofilm-related bioassays: Biofilms are

involved in chronic infections․ Optimized assays are used to

quantify inhibition of biofilm formation or biofilm removal․

Bioassays can measure biofilm mass with the crystal violet

assay of biomass by staining adhered cells․ Other bioassays use

microscopy to measure biofilm formation and cell viability with

staining techniques․

The anti-quorum sensing activity of extracts can also be

measured in reporter strains (e.g., Chromobacterium

violaceum)‚ which only ferments upon quorum sensing

dependent expression of violacein‚ the colored pigment of the

bacterium․ Quorum sensing inhibitors inhibit violacein

biosynthesis‚ thereby exhibiting anti-quorum sensing activity․

[51]

Efflux pump inhibition assay to screen for the ability of the

tester extract to sensitize resistant strains by inhibiting efflux

pumps is done by comparing the MIC of an antimicrobial in the

absence and presence of (removed) the test extract or known

efflux pump inhibitor․ [52]

Cytotoxicity assays: For bark extracts‚ cytotoxicity on eukaryotic

cells (e.g. cell lines of human origin) will be assessed by MTT

assay and hemolysis assay before any in vivo administration is

performed․ Such assessments serve as the basis for

determining therapeutic index of a treatment and its possible

adverse effects․ [53]

All of the above can allow researchers to investigate the

potential of plant bark extracts as a source of antimicrobial

compounds and find candidates for future development․

7. Challenges and limitation

Isolation and characterization of bioactive compounds: the

compounds in the crude extract may act collectively to have the

observed antimicrobial activity‚ thus isolation and
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characterization of active compounds is critical to obtain a

better understanding of mechanisms of action‚ increasing the

efficacy as a drug and for drug development purposes․ [51] A

complex array of chromatographic techniques and structural

elucidation is employed․

Problems with standardization: One of the main limitations in

developing bark-based antimicrobial agents for clinical use is

the challenge of standardization‚ as plant bark is a complex

chemical substance‚ with its phytochemical composition usually

depending on its exact species or botanical variety‚

geographical area‚ time of harvest‚ climate conditions‚ and

extraction method․ Slight changes in solvent type‚ extraction

process time‚ or temperature can result in differing

concentrations of bioactive constituents‚ poorly reproducible

batches‚ and a recommended dose that varies according to

each extract․ This obstructs the establishment of a standard

profile of the extract and makes pharmacological and

regulatory validation difficult․

Toxicology and safety: Despite promising antimicrobial activity

exhibited by bark extracts in vitro‚ safety and toxicity of such

materials are not fully characterized․ At relatively high

concentrations and/or prolonged exposure times‚

phytochemicals extracted from bark may exhibit concentration-

dependent toxicities including cytotoxic‚ hepatotoxic‚

nephrotoxic‚ and neurotoxic activities‚ among others․ Also‚

interactions between putative multiple constituents of crude

extracts (synergistic or antagonistic) may affect toxicity․ This

means that the determination of safe doses for therapeutic use

in humans requires detailed toxicological studies (acute‚ sub-

acute and chronic tests in appropriate in vivo animal models)․

Pharmacokinetics and bioavailability: The pharmacological

potential of phytochemicals in bark is frequently restricted by

poor pharmacokinetic properties․ Many bioactive constituents

are poorly soluble in water‚ poorly absorbed in the intestine‚

subject to important first pass metabolism‚ or rapidly cleared

from the systemic circulation․ Thus‚ despite the potential for

good in vitro antimicrobial activity‚ the concentration of drug

that is achieved in vivo may not be sufficient to attain a

therapeutic concentration․ Strategies to overcome this

limitation include nanoparticles‚ liposomal formulations‚ the

use of prodrugs‚ and optimization of the structure of the

antimicrobial to improve absorption‚ stability‚ and retention

[54,55]․

Clinical trial requirements and translational challenges:

Successful transition of preclinical data to approved

antimicrobial agents requires a rigorous‚ multi-staged‚ and

expensive evaluation focused on the safety‚ efficacy‚ dosage‚

and side effects of the agent in humans․ The process is time-

consuming and highly regulated‚ greatly increasing costs before

receiving regulatory approval․ Clinical failure of Phase I clinical

trials‚ due to insufficient efficacy or undiscovered toxicity that

was not predicted by preclinical models‚ limits the success of

translating the results of basic research into new medicines․

Intellectual property and biopiracy: The development of

therapeutics from medicinal barks has faced issues surrounding

intellectual property rights and biopiracy․ Traditional medicinal

knowledge that is passed down in indigenous communities has

historically led to the discovery of bioactive plant species for

medicinal use․ Despite this‚ equitable sharing of benefits and

recognition of source communities remain concerns‚ with

international instruments such as the Nagoya Protocol on

Access and Benefit Sharing of Genetic Resources focusing on

fair and equitable sharing of benefits‚ formal documentation‚

ethical acquisition and development‚ and lawful use․

Future research directions: Future studies on the antimicrobial

activity of plant bark extracts should target those in-between

the bench and the bedside․ As shown in the current review‚

most of the reported activity has been obtained from in vitro

studies‚ with a limited amount of information from in vivo

studies and no results on human clinical studies․ Future studies

should stress: standardization of extraction protocols‚

improving toxicity profiling and
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pharmacokinetics/bioavailability assessment‚ establishing

relevant preclinical models‚ and conducting multicenter human

clinical trials and regulatory-guided evaluations of efficacy and

safety to show therapeutic relevance in combating

antimicrobial resistance․ Such efforts will improve the advance

from preclinical stages to clinical application․ In addition‚

mechanistic investigations using omics technologies‚ imaging

and in vivo infection models could be developed to validate

molecular targets and synergistic effects proposed chiefly using

computational and in vitro methods․ This would help to

accelerate the translation of promising antimicrobial agents

from the bark of plants into clinical therapeutics for local and

global areas where antimicrobial resistance is a highly

important health issue․

8․ CONCLUSION:

In this review‚ it is clear that plant bark extracts have important

antimicrobial activity against a variety of pathogenic bacteria‚

including antibiotic resistant strains‚ as well as fungi․ These

activities can be linked to the presence of several

phytochemicals‚ including phenolics‚ terpenoids‚ alkaloids and

saponins․ It is thought that the extracts exert their antibacterial

effect by acting on multiple targets including cell membranes‚

bacterial cell wall synthesis‚ nucleic acids and proteins‚ enzymes

and efflux pumps․ However‚ although there is substantial in

vitro evidence‚ there is little in vivo evidence and virtually no

clinical evidence of these properties․ Therefore the findings are

preclinical․ Standardization‚ variation in extraction procedure‚

lack of pharmacokinetics data and concern regarding safety

must be adequately addressed for clinical translation․ Future

work must investigate detailed toxicology studies‚ mechanism

of action studies as well as conducting clinical trials‚ for

developing natural products as powerful therapeutic agents

against antimicrobial resistance at a global level․

Authors Details:
1*Translational Molecular Therapeutics and Nanotechnology Lab, Department

of ENT Saveetha Medical College and Hospital, Saveetha Institute of Medical

and Technical Sciences, Thandalam, Chennai, Tamil Nadu 602105, India.

2Post Graduate, Department of Anaesthesia, Saveetha Medical College and

Hospital, SIMATS, Chennai.

Authors Contribution:

Conceptualization: KBK

Data collection and literature search: AP

Writing – original draft: KBK

Reviewing & Editing: AP

Approval of final manuscript: All authors

Declaration of Generative AI

The authors declare this manuscript was written without the use of generative

artificial intelligence tools. All the content, including text generation, data

analysis and references was developed and reviewed by the author without

assistance from AI technologies.

Conflict of Interest – The authors declare no conflicts of interest.

Source of Support – The authors declare no source of support.

Additional Information:

Authors can order reprints (print copies) of their articles by visiting:

https://www.akinik.com/products/2281/journal-of-ayurveda-and-holistic-

medicine-jahm

Publisher’s Note:

Atreya Ayurveda Publications remains neutral with regard to jurisdictional

claims in published maps, institutional affiliations, and territorial designations.

The publisher does not take any position concerning legal status of countries,

territories, or borders shown on maps or mentioned in institutional affiliations.

REFERENCES:

1. Suganya T, Packiavathy IA, Aseervatham GS, Carmona A, Rashmi V,

Mariappan S, Devi NR, Ananth DA. Tackling multiple-drug-resistant bacteria

with conventional and complex phytochemicals. Frontiers in Cellular and

Infection Microbiology. 2022 Jun 30;12:883839.

https://doi.org/10.3389/fcimb.2022.883839

2. Sharma V, Sharma D, Saini M, Jain A, Chaudhary J, Kaur N, Sahoo S, Singh SK,

Goyal K, Rekha A, Ali H. Flavonoids as antimicrobial agents: a

comprehensive review of mechanisms and therapeutic potential. Current

Pharmaceutical Biotechnology. 2025 Jul

3. https://doi.org/10.2174/0113892010384002250628163849

3. de Queiroz JC, Leite JR, Vasconcelos AG. Prospecting plant extracts and

bioactive molecules with antimicrobial activity in Brazilian biomes: a review.

Antibiotics. 2023 Feb 21;12(3):427.

https://doi.org/10.3390/antibiotics12030427

4. Jadimurthy R, Jagadish S, Nayak SC, Kumar S, Mohan CD, Rangappa KS.

Phytochemicals as invaluable sources of potent antimicrobial agents to

combat antibiotic resistance. Life. 2023 Apr 4;13(4):948.

https://doi.org/10.3390/life13040948

5. Tanase C, Coșarcă S, Muntean DL. A critical review of phenolic compounds

extracted from the bark of woody vascular plants and their potential



Kamalesh Balakumar Venkatesan, Ajay Pujala. Antimicrobial properties of plant barks as a natural strategy to reduce antimicrobial resistance- A narrative review.

Journal of Ayurveda and Holistic Medicine, Vol.-XIV, Issue-VI (June 2026).

125

biological activity. Molecules. 2019 Mar 26;24(6):1182.

https://doi.org/10.3390/molecules24061182

6. Häsler Gunnarsdottir S, Sommerauer L, Schnabel T, Oostingh GJ, Schuster A.

Antioxidative and antimicrobial evaluation of bark extracts from common

European trees in light of dermal applications. Antibiotics. 2023 Jan

9;12(1):130. https://doi.org/10.3390/antibiotics12010130

7. Sillero L, Prado R, Labidi J. Simultaneous microwave-ultrasound assisted

extraction of bioactive compounds from bark. Chemical Engineering and

Processing-Process Intensification. 2020 Oct 1;156:108100.

https://doi.org/10.1016/j.cep.2020.108100

8. Dasiewicz J, Wronka A, Kowaluk G. From Extraction to Valorization:

Unlocking the Potential of Bark-Derived Extraction Residues for Sustainable

Material Development. Molecules. 2025 Nov 24;30(23):4537.

https://doi.org/10.3390/molecules30234537

9. Porras G, Chassagne F, Lyles JT, Marquez L, Dettweiler M, Salam AM,

Samarakoon T, Shabih S, Farrokhi DR, Quave CL. Ethnobotany and the role

of plant natural products in antibiotic drug discovery. Chemical reviews.

2020 Nov 9;121(6):3495-560. https://doi.org/10.1021/acs.chemrev.0c00922

10.Tanase C, Coșarcă S, Muntean DL. A critical review of phenolic compounds

extracted from the bark of woody vascular plants and their potential

biological activity. Molecules. 2019 Mar 26;24(6):1182.

https://doi.org/10.3390/molecules24061182

11.Mota AP, Campelo TA, Frota CC. Evaluation of the antimicrobial activity of

Cinnamomum zeylanicum essential oil and trans-Cinnamaldehyde against

resistant Mycobacterium tuberculosis. Biosci. j.(Online). 2019:296-306.

https://doi.org/10.14393/bj-v35n1a2019-41710

12.Tawfeek N, Mahmoud MF, Hamdan DI, Sobeh M, Farrag N, Wink M, El-

Shazly AM. Phytochemistry, pharmacology and medicinal uses of plants of

the genus Salix: An updated review. Frontiers in pharmacology. 2021 Feb

12;12:593856. https://doi.org/10.3389/fphar.2021.593856

13.Tawfeek N, Mahmoud MF, Hamdan DI, Sobeh M, Farrag N, Wink M, El-

Shazly AM. Phytochemistry, pharmacology and medicinal uses of plants of

the genus Salix: An updated review. Frontiers in pharmacology. 2021 Feb

12;12:593856. https://doi.org/10.36899/japs.2023.4.0669

14.Mudenda S, Banda M, Mohamed S, Chabalenge B. Phytochemical

composition and antibacterial activities of Azadirachta indica (Neem):

significance of traditional medicine in combating infectious diseases and

antimicrobial resistance. J Pharmacogn Phytochem. 2023;12(5):256-63.

https://doi.org/10.22271/phyto.2023.v12.i5c.14733

15. Soumyaranjan, B., Sucharita, B., Mrutyunjaya, B., H, V. S., & M, J. (2026).

Preliminary Study on Phytochemical Components and In Vitro Antimicrobial

Effects of Albizia lebbeck (Benth) Bark Extract.

https://doi.org/10.33745/ijzi.2026.v12i01.033

16.Khare T, Anand U, Dey A, Assaraf YG, Chen ZS, Liu Z, Kumar V. Exploring

phytochemicals for combating antibiotic resistance in microbial pathogens.

Frontiers in pharmacology. 2021 Jul 21;12:720726.

https://doi.org/10.3389/fphar.2021.720726

17. Nisca A, Tanase C. Approaches to Extracting Bioactive Compounds from

Bark of Various Plants: A Brief Review. Plants. 2025 Sep 20;14(18):2929.

https://doi.org/10.3390/plants14182929

18.Gallego R, Bueno M, Herrero M. Sub-and supercritical fluid extraction of

bioactive compounds from plants, food-by-products, seaweeds and

microalgae–An update. TrAC Trends in Analytical Chemistry. 2019 Jul

1;116:198-213.https://doi.org/10.1016/j.trac.2019.04.030

19.Szmechtyk T, Małecka M. Phytochemicals from bark extracts and their

applicability in the synthesis of thermosetting polymers: an overview.

Materials. 2024 Apr 30;17(9):2123.https://doi.org/10.3390/ma17092123

20.Ecevit K, Barros AA, Silva JM, Reis RL. Preventing microbial infections with

natural phenolic compounds. Future Pharmacology. 2022 Nov 2;2(4):460-98.

https://doi.org/10.3390/futurepharmacol2040030

21.Agarwal C, Hofmann T, Vršanská M, Schlosserová N, Visi-Rajczi E, Voběrková

S, Pásztory Z. In vitro antioxidant and antibacterial activities with

polyphenolic profiling of wild cherry, the European larch and sweet

chestnut tree bark. European Food Research and Technology. 2021

Sep;247(9):2355-70. https://doi.org/10.1007/s00217-021-03796-w

22.Rahman MM, Rahaman MS, Islam MR, Hossain ME, Mannan Mithi F, Ahmed

M, Saldías M, Akkol EK, Sobarzo-Sánchez E. Multifunctional therapeutic

potential of phytocomplexes and natural extracts for antimicrobial

properties. Antibiotics. 2021 Sep 6;10(9):1076.

https://doi.org/10.3390/antibiotics10091076

23.Bremer M, Oktaee J, Einer D, Fischer S, Wagenführ A. Investigation on the

potential of poplar bark from short-rotation coppices as bio-based

fungicidal additives. BioEnergy Research. 2021 Jun;14(2):482-

91. https://doi.org/10.1007/s12155-021-10253-9

24.Sulaiman M, Jannat K, Nissapatorn V, Rahmatullah M, Paul AK, de Lourdes

Pereira M, Rajagopal M, Suleiman M, Butler MS, Break MK, Weber JF.

Antibacterial and antifungal alkaloids from Asian angiosperms: Distribution,

mechanisms of action, structure-activity, and clinical potentials. Antibiotics.

2022 Aug 24;11(9):1146. https://doi.org/10.3390/antibiotics11091146

25. Anggraini W, Purwanto DA, Kusumawati I, Isnaeni I. Mechanism and

antifungal activities vulvovaginal candidiasis isolated from patients against

ethanol extracts of parameria laevigata (Juss.) moldenke stem bark.

Pharmacognosy Journal. 2024 Jun 6.

https://doi.org/10.5530/pj.2024.16.109

26.Pérez-Flores JG, García-Curiel L, Pérez-Escalante E, Contreras-López E,

Aguilar-Lira GY, Ángel-Jijón C, González-Olivares LG, Baena-Santillán ES,

Ocampo-Salinas IO, Guerrero-Solano JA, Portillo-Torres LA. Plant

antimicrobial compounds and their mechanisms of action on spoilage and

pathogenic bacteria: A bibliometric study and literature review. Applied

Sciences. 2025 Mar 23;15(7):3516. https://doi.org/10.3390/app15073516



Kamalesh Balakumar Venkatesan, Ajay Pujala. Antimicrobial properties of plant barks as a natural strategy to reduce antimicrobial resistance- A narrative review.

Journal of Ayurveda and Holistic Medicine, Vol.-XIV, Issue-VI (June 2026).

126

27.Huang J, Zaynab M, Sharif Y, Khan J, Al-Yahyai R, Sadder M, Ali M, Alarab SR,

Li S. Tannins as antimicrobial agents: Understanding toxic effects on

pathogens. Toxicon. 2024 Aug 28;247:107812.

https://doi.org/10.1016/j.toxicon.2024.107812

28.Wang L, Li W, Li X, Liu J, Chen Y. Antimicrobial activity and mechanisms of

walnut green husk extract. Molecules. 2023 Dec 7;28(24):7981.

https://doi.org/10.3390/molecules28247981

29.Zhou H, Chen L, Ouyang K, Zhang Q, Wang W. Antibacterial activity and

mechanism of flavonoids from Chimonanthus salicifolius SY Hu. and its

transcriptome analysis against Staphylococcus aureus. Frontiers in

Microbiology. 2023 Jan 10;13:1103476.

https://doi.org/10.3389/fmicb.2022.1103476

30.Kebede T, Gadisa E, Tufa A. Antimicrobial activities evaluation and

phytochemical screening of some selected medicinal plants: A possible

alternative in the treatment of multidrug-resistant microbes. PloS one. 2021

Mar 26;16(3):e0249253. https://doi.org/10.1371/journal.pone.0249253

31.Luka MI, Onuoha SC, Oladele VO, Aguiyi J. Phytochemical screening and in

vitro evaluation of antibacterial activity of aqueous and ethanolic extracts of

root and stem bark of Bridelia ferruginea. Benth.(Euphorbiaceae). Journal of

Medicinal Plants Research. 2020 Jan 31;14(1):54-61.

https://doi.org/10.5897/jmpr2019.6799

32.Makoye PM, Mrutu S, Daniel IJ, Mbunde MN, Sempombe J, Mugoyela V. In

vitro Antibacterial and Antifungal Activities of Sorindeia madagascariensis

and Albizia harveyi Stem Barks. Pharmaceutical Sciences and Research.

2022;9(1):7. https://doi.org/10.7454/psr.v9i1.1254

33.Archana B, Charani Y, Sofia U, Fatima S, Unnisa T. Phytochemical Screening

and Antimicrobial Activity of Methanolic Extract from Genus Phellodendron

(cork tree) Barks. Future. 2024;4(4):59-65.

https://doi.org/10.26452/fjphs.v4i4.676

34.Tyagi U, Dwivedi SP, Bagchi S. Evaluation of antimicrobial and antioxidant

properties of Mangifera indica bark extracts to prolong the shelf life of fruits

and food products. Journal of Biopesticides. 2019 May 1;12(2):248-54.

https://doi.org/10.57182/jbiopestic.12.2.248-254

35.Kouangbé MA, Guillaume SK, Souleymane M, Lucien BG, N'Guessan JD. In

vitro antibacterial and antidiarraheic activity of root bark extract of

Anogeissus leiocarpa (Combretaceae) during an experimental bacterial

diarrhea induced by Escherichia coli extended-spectrum β-lactamases (ESBL)

in albino Wistar rats. https://doi.org/10.5897/jmpr2018.6663

36.Nimbeshaho F, Mwangi C, Orina F, Chacha M, Adipo N, Moody J, Kigondu E.

Antimycobacterial activities, cytotoxicity and phytochemical screening of

extracts for three medicinal plants growing in Kenya. Journal of Medicinal

Plants Research. 2020;14(4). https://doi.org/10.5897/jmpr2020.6905

37.Kumar V, Sharma N, Sourirajan A, Khosla PK, Dev K. Comparative evaluation

of antimicrobial and antioxidant potential of ethanolic extract and its

fractions of bark and leaves of Terminalia arjuna from north-western

Himalayas, India. Journal of traditional and complementary medicine. 2018

Jan 1;8(1):100-6. https://doi.org/10.1016/j.jtcme.2017.04.002

38.Nassa AM, Al-Moussaw DK, Yaseen SK, Neama SR. Effect of Cinnamomum

zeylanicum Bark Extracts on Clinically Important Drug Resistant Pathogenic

Bacteria. Journal of Education for Pure Science. 2023 Dec 3;13(4).

https://doi.org/10.32792/jeps.v13i4.371

39.Yunana BT, Bukar BB, Aguiyi JC. In vitro and in vivo evaluation of

antibacterial activity of Bridelia ferruginea extracts on some clinical isolates.

The Journal of Phytopharmacology. 2018;7(4):392-8.

https://doi.org/10.31254/phyto.2018.7407

40.Hanbisa S, Tadesse WT, Abula T. Evaluation of wound healing activity of 80%

Methanol stem-bark extract and Solvent fractions of prunus africana (Hook.

f.) kalkman (Rosaceae) in mice. Journal of Experimental Pharmacology. 2023

Dec 31:349-65. https://doi.org/10.2147/jep.s426233

41.Shamkhi IA. The effectiveness of inhibitory of Cinnamomum zeylanicum

extract against Proteus mirabilis (invitro and invivo). Journal of Pure Science.

2023 Feb; 22(9): 11–15. https://doi.org/10.25130/tjps.v22i9.867

42.Zhao YL, Gou ZP, Shang JH, Li WY, Kuang Y, Li MY, Luo XD. Anti-microbial

effects in vitro and in vivo of Alstonia scholaris. Natural products and

bioprospecting. 2021 Jan 3;11(1):127. https://doi.org/10.1007/s13659-020-

00294-6

43.Gupta M, Majumdar S, Banerjee S, Dey A, Sengupta S. Experimental

evaluation of wound healing activity of ayurvedic antimicrobial formulations

using in vivo animal excision and incision methods. International Research

Journal of Pharmacy: Pan Health Care Research Society. 2020;11(11):41-8.

https://doi.org/10.7897/2230-8407.111196

44. Sadiq MB, Tarning J, Aye Cho TZ, Anal AK. Antibacterial activities and

possible modes of action of Acacia nilotica (L.) Del. against multidrug-

resistant Escherichia coli and Salmonella. Molecules. 2017 Jan 14;22(1):47.

https://doi.org/10.3390/molecules22010047

45.Gupta D, Kumar M. Evaluation of in vitro antimicrobial potential and GC–MS

analysis of Camellia sinensis and Terminalia arjuna. Biotechnology Reports.

2017 Mar 1;13:19-25. https://doi.org/10.1016/j.btre.2016.11.002

46.Ekamgue B, Mbaveng AT, Seukep AJ, Matieta VY, Kuete JR, Megaptche JF,

Guefack MG, Nayim P, Kuete V. Exploring Mangifera indica (Anacardiaceae)

leaf and bark methanol extracts as potential adjuvant therapy in the

management of multidrug-resistant Staphylococcus aureus. Investigational

Medicinal Chemistry and Pharmacology. 2023 Aug 29;6(2).

https://doi.org/10.31183/imcp.2023.00084

47. Siriyong T, Voravuthikunchai SP, Coote PJ. Steroidal alkaloids and conessine

from the medicinal plant Holarrhena antidysenterica restore antibiotic

efficacy in a Galleria mellonella model of multidrug-resistant Pseudomonas

aeruginosa infection. BMC Complementary and Alternative Medicine. 2018

Oct 19;18(1):285. https://doi.org/10.1186/s12906-018-2348-9



Kamalesh Balakumar Venkatesan, Ajay Pujala. Antimicrobial properties of plant barks as a natural strategy to reduce antimicrobial resistance- A narrative review.

Journal of Ayurveda and Holistic Medicine, Vol.-XIV, Issue-VI (June 2026).

127

48.Salvi S, Varghese R, Digholkar G, Deshpande A, Malvankar C, Pawar A,

Kumar D. Saraca asoca: A scoping review on the phytoconstituents,

bioactives and their therapeutic effects. German Journal of Pharmaceuticals

and Biomaterials. 2022 Oct 11;1(3):3-13.

https://doi.org/10.5530/gjpb.2022.3.11

49.Samadder M, Rahman S, Huda KT, Hossain MA, Patwary MA, Yasin M.

Antioxidant and antimicrobial prospects of Colocasia esculenta stolon: a

phytochemical perspective. Discover Food. 2025 Feb 27;5(1):52.

https://doi.org/10.1007/s44187-025-00317-6

50.Zouine N, El Ghachtouli N, El Abed S, Koraichi SI. A comprehensive review

on medicinal plant extracts as antibacterial agents: Factors, mechanism

insights and future prospects. Scientific African. 2024 Dec 1;26:e02395.

https://doi.org/10.1016/j.sciaf.2024.e02395

51.Adeyemo RO, Famuyide IM, Dzoyem JP, Lyndy Joy M. Anti-biofilm,

antibacterial, and anti-quorum sensing activities of selected South African

plants traditionally used to treat diarrhoea. Evidence-Based Complementary

and Alternative Medicine. 2022;2022(1):1307801.

https://doi.org/10.1155/2022/1307801

52.Ambadiang MM, Atontsa BC, Tankeo SB, Nayim P, Wamba BE, Bitchagno GT,

Mpetga JD, Penlap VB, Kuete V. Bark extract of Cassia sieberiana

DC.(Caesalpiniaceae) displayed good antibacterial activity against MDR

gram-negative phenotypes in the presence of phenylalanine-arginine β-

naphthylamide. BMC complementary medicine and therapies. 2020 Nov

12;20(1):342. https://doi.org/10.1186/s12906-020-03148-3

53.Bataineh SM, Tarazi YH, Ahmad WA. Antibacterial efficacy of some

medicinal plants on multidrug resistance bacteria and their toxicity on

eukaryotic cells. Applied Sciences. 2021 Sep

13;11(18):8479. https://doi.org/10.3390/app11188479

54.Narula H, Muslumova Z, Anantharaman R, Sidharthan B, Munirajasekhar D.

Molecular mechanisms of microbial resistance: implications for

biotechnology and drug development. Genetics and Molecular Research.

2026 May 6. https://doi.org/10.4238/gm1aax34

55.Hemanth PR, Srinivasan MK, Packirisamy V. Integrated in silico network

pharmacology and β-cyclodextrin nanosponge based delivery of

nafithromycin: Mechanistic insights, controlled release, and enhanced

antimicrobial activity. Next Nanotechnology. 2026 Jun 1;9:100447.

https://doi.org/10.1016/j.nxnano.2026.100447


